on behalf of the THAPCA Trial Group abstract OBJECTIVE: This study examined 12-month neurobehavioral outcomes in children who survived out-of-hospital cardiac arrest (OH-CA), were comatose after resuscitation, and were enrolled in a clinical trial to evaluate targeted temperature management to hypothermia (33.0°C) or normothermia (36.8°C) (Therapeutic Hypothermia after Pediatric Cardiac Arrest, Out-of-Hopsital [THAPCA-OH]; NCT00878644).
Neurobehavioral outcome in pediatric survivors of out-ofhospital cardiac arrest (OH-CA) is uncertain. Studies exploring longterm neurobehavioral outcomes in children surviving OH-CA are limited by small samples, single sites, specific etiologies, and restricted ages. [1] [2] [3] [4] [5] [6] [7] Some studies include children who sustained in-hospital or unspecified cardiac arrest (CA) location. [1] [2] [3] [4] 7 Children who sustain in-hospital CA undergo more rapid resuscitation and less incremental brain injury. 8 Only 2 studies examined longterm neurobehavioral outcomes in children who were unresponsive in the early postresuscitation recovery period. 1, 9 Multicenter or population-based studies conducted in pediatric OH-CA have focused on short-term, global outcome, described as "favorable" versus "poor" at time of hospital discharge. 8, 10 Recently, a prospective, multicenter trial, entitled Therapeutic Hypothermia after Pediatric Cardiac Arrest, Out-of-Hospital (THAPCA-OH) evaluated 2 targeted temperature management strategies, hypothermia or normothermia, in children who were comatose after OH-CA. One year later, only 16% of enrolled children displayed favorable outcome, defined as survival and broadly normal functioning (score ≥70 on Vineland Adaptive Behavior Scales, Second Edition [VABS-II], a caregiver report measure of neurobehavioral outcome). Outcomes did not differ between treatment groups. 9 This secondary analysis of data, collected for THAPCA-OH, reports details of neurobehavioral and cognitive outcomes 1 year after OH-CA in children with broadly normal baseline function.
METHODS

Study Population
A total of 295 children, ages 2 days to 18 years, were enrolled in THAPCA-OH; children with CA associated with trauma were excluded. Full inclusion and exclusion criteria, randomization, and enrollment details are described elsewhere. 9 At 12-month follow-up, there were 96 confirmed survivors and 8 for whom vital status could not be determined. Of the 96 survivors, 87 with pre-CA VABS-II scores ≥70 were eligible for the THAPCA-OH primary outcome. This report analyzes 12-month neurobehavioral outcomes in 85 of these 87 survivors; 2 cases were lost to follow-up.
Assessment Measures
Family Functioning
Pre-OH-CA family functioning was measured using the General Functioning Scale of the Family Assessment Device (FAD), a 12-item self-reported measure, scored 0 to 4; scores ≥2 indicate abnormal functioning. 11 
Global Functioning Measures
Pediatric Cerebral Performance Category (PCPC) and Pediatric Overall Performance Category (POPC) 12, 13 : PCPC measures neurologic functioning, whereas POPC measures overall health (including neurologic functioning). These clinician-rated scales have been recommended for reporting outcome after pediatric CA 14 ; they provide no detailed measurements or age-specific normative data.
Neurobehavioral Outcome Measures
Vineland Adaptive Behavior ScalesSecond Edition (VABS-II) 15 : VABS-II measures functional skills and provides age-corrected standard scores (mean = 100, SD = 15) in 4 domains (communication, daily living, socialization, motor skills) and an overall adaptive behavior composite. Each domain includes subdomains with developmentally sequenced items, starting with skills typically observed in infancy. Subdomain raw scores are agecorrected and standardized as v-scores. With means of 15 (SD = 3), v-scores range from 4.67 SDs below to 3 SDs above means, allowing for more precise measurement of lowfunctioning individuals. VABS-II includes a parent/caregiver rating form and a survey interview (using caregiver as informant) that yield comparable scores. 15 Telephone administration of VABS-II is validated 16 and a Spanish translation of the interview version is available. 15 Wechsler Abbreviated Scale of Intelligence (WASI) 17 
Data Analysis
Change in VABS-II scores were calculated for each child (12-month baseline score). Distributions of continuous variables were compared between groups by using t-tests or analysis of variance. Paired t-tests were used to test differences between 2 continuous variables (eg, between baseline and 12-month scores). Categorical variables were examined by using Fisher's exact test. Standard linear regression models were fit with change in VABS-II score as the outcome variable and baseline continuous and categorical factors as predictors. A multivariable regression model was fit by using baseline predictors that showed a trend of association (P < .10) in univariate models. Spearman's rank correlation coefficients were used to measure relationships between VABS-II overall and domain scores and Mullen overall and scale scores. All analyses were performed by using SAS software, version 9.4 (SAS Institute, Inc, Cary, NC).
RESULTS
Demographics and Baseline Functioning
There were no differences in demographic variables at age of follow-up among infants/toddlers (<3 years), preschool-aged children (3 to <6 years), or older children (≥6 years) ( Table 1) . Most were <6 years at 12-month follow-up (range 1.1-18.9 years), white, and not Hispanic. Average family functioning fell within the "normal" range. Mean baseline VABS-II scores were average for age. Almost all children obtained normal PCPC ratings; 5 scored in mild and 3 in moderate disability categories. In all groups, OH-CA etiology was primarily respiratory. Table 2 displays mean baseline and 12-month follow-up scores for VABS-II adaptive behavior composite, domain, and subdomain scores in both treatment groups. Composite, domain, and subdomain scores declined significantly. Mean baseline scores ranged from 95 to 106, mean follow-up scores from 68 to 81 and mean change from −23 to −35, and did not differ between hypothermia and normothermia groups. At 12 months, one-third had average functioning and one-third had severely deficient functioning (Supplemental Table 7 Table 3 displays mean change from baseline to follow-up by age group. For overall adaptive behavior composite and daily living domain, older children had greater declines in functioning than infants/ toddlers and preschool children. For communication, socialization, and motor domains, change was significantly greater for older children compared with infants/ toddlers. For socialization, preschool children also had greater declines than infants/toddlers.
Neurobehavioral Functioning
To further characterize age-related differences and determine whether any domains were selectively spared or impaired, differences in magnitudes of declines among domains were compared. For the youngest group, declines were significantly smaller for socialization compared with other domains (communication P = .005, daily living P < .001, motor functioning P < .001). For older children, declines were smaller in communication compared with daily living (P = .03). No differences were noted between domains in preschool children. Tables 4 and 5 . On Mullen scales, most obtained scores that were either the lowest possible or were well below average ranges for overall composite and individual scales (Table 4) . Because the lowest reported Mullen score is 49 and many children performed very poorly, developmental quotients (developmental age/chronologic age × 100) were calculated to more fully understand the range of outcomes as deviations from normal expectations; 31% had developmental quotients <25 for all 4 scales (Supplemental Table 8 , Supplemental Figure 2) Nineteen older children were eligible for cognitive testing, based on VABS-II scores, and 18 of the 19 participated; approximately half performed in the average range and the others performed below to well below average (Table 5 ). More children displayed average or above performance on nonverbal than verbal reasoning (72% vs 47%).
To examine cognitive functioning across the age range, performance based on cognitive composite scores (early learning composite from Mullen or 2-subtest composite from the WASI) were examined. Fortyseven percent were either not eligible for testing on the WASI or obtained the lowest possible Mullen score, 17% obtained above the lowest possible score, but >2 SDs below the means, 14% obtained scores between >1 and ≤2 SDs below means, 13% within 1 SD of means, and 9% >1 SD above means. Figure 1 depicts percentage of children within each range for the overall cognitive composite.
Relationships Among Outcome Measures
VABS-II overall scores and domain scores were strongly correlated with early learning composites and each Mullen scale; correlations ranged from 0.77 to 0.91 (Supplemental Table 9 ). In contrast, correlations between VABS-II overall and domain scores with WASI composite and subtest scores were moderate at best (VABS-II motor domain versus WASI composite, r = 0.51, P = .04; VABS-II motor domain versus WASI matrix reasoning, r = 0.51, P = .03; no other significant correlations). 
Predictors of Neurobehavioral Decline
DISCUSSION
This is the first detailed, prospective study of long-term neurobehavioral outcomes in pediatric OH-CA survivors who were comatose after resuscitation. Results revealed significant declines in all domains of caregiver-reported neurobehavioral functioning, including communication, daily living, socialization, and motor skills. VABS-II Subdomain scores were transformed to correspond to a scale with mean 100 and SD 15. a The n's vary because of age differences and missing data. Domestic, community, and coping skills subdomains are not administered to children <1 y of age. Written subdomain is not administered to children <3 y of age. Score for baseline coping and for baseline personal functioning were each missing for 1 subject. Scores for baseline gross motor functioning scores were missing for 4 subjects. Scores for baseline fi ne motors skills were also missing for 4 subjects. b P < .001 for all comparisons of baseline and follow-up scores except where noted. c P = .003 for comparison of baseline and follow-up scores. Missing for more than half of subjects in youngest age group because domestic, community, and coping skills subdomains are not administered to children <1 y of age and written subdomain is not administered to children <3 y of age. e P < .05 from a t-test comparing the 0 to <3 and 3 to <6 age groups.
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Strengths of this study are the prospective design, relatively large sample size compared with previous reports, broad age range, high follow-up rate, and detailed outcome measures that assess multiple domains of functioning, including caregiver report and objective performance. Our sample was restricted to a well-characterized and rarely studied group of children who were comatose within the first several hours after resuscitation (pain localization or responsiveness to commands were THAPCA-OH exclusion criteria). Although our results can help clinicians tasked with early prognostication to better understand the range of neurobehavioral outcomes in children at highest risk for neurobehavioral morbidity after OH-CA, results cannot be generalized to all OH-CA survivors.
Our results reveal considerable neurobehavioral morbidity, including significant declines in all domains of neurobehavioral functioning. Although many children displayed severe to profound impairment, we found a range of outcomes with half functioning broadly within normal limits (within 2 SDs of the mean) based on the VABS-II and a third functioning similarly well on cognitive testing. To our knowledge, with the exception of the THAPCA-OH trial outcome report, 9 only 1 other study has examined long-term outcome in children who are comatose after resuscitation after CA. In that study of 25 children who remained comatose for at least 24 hours after CA, 23 had profound cognitive and motor impairment at least 1 year later. 1 In the THAPCA-OH population, maximum duration of coma could not be evaluated, because children received sedative and paralytic agents during the study intervention period for temperature management.
A major strength of VABS-II is that it assesses multiple domains. We speculated that domains could be selectively affected or spared at different ages or possibly in different treatment groups. Our results indicate functioning was adversely affected with significant declines 6 
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Matrix Reasoning, a n = 18 Eighteen additional subjects were not eligible for testing because they were reported to have no means of functional communication.
One child was Spanish speaking and therefore was administered only Matrix Reasoning. a Scores were transformed to correspond to a scale with mean 100 and SD 15.
FIGURE 1
Cognitive composite standard scores.
by guest on April 1, 2019 www.aappublications.org/news Downloaded from across all domain and all subdomain scores (mean declines of 23 to 35 standard score points representing mean change of −22% to −33%). Qualitatively, performance was most impaired for motor and daily-living skills. This pattern is consistent with a recent study of school-aged children who were assessed by using the original VABS after very severe traumatic brain injury (all requiring rehabilitation and many unable to participate in performance-based cognitive testing). In that study, children unable to participate in standardized testing were impaired in all domains. Similar to our findings, greatest impairment was noted on motor and daily living skills domains and least in socialization. 19 Older children had greatest declines in VABS-II functioning. Literature exploring the relationship between age at brain injury and neurobehavioral outcome has yielded inconsistent findings; however, older age at the time of CA and follow-up were also associated with worse outcomes in a recent study that examined long-term neuropsychological outcomes in pediatric CA. 3 Although there is evidence to suggest that children who sustain early diffuse brain injuries are more vulnerable to ongoing impairment than those injured later, [20] [21] [22] there may be >1 critical developmental period associated with heightened risk for poor outcome. 23 Thus, older children may be more vulnerable to the impact of brain injury associated with OH-CA than younger children. However, the testing measures may have been more sensitive to detection of change in older children (ie, the VABS-II may have a "floor effect" for very young children), as fewer items are required to obtain a score within each subdomain in the youngest compared with older children.
Moreover, many functional skills measured by the VABS-II are not expected to be present in young children and therefore age-corrected VABS-II scores may appear less impaired in younger relative to older children with the same severity of neurobehavioral impairments. For example, the youngest children had a significantly smaller decline on the socialization domain compared with the other 3 domains. Socialization items designed for the youngest children focus on simple interactions (eg, shows interest in surroundings by looking around, smiles when approached) and few functional skills need be present to obtain ageappropriate scores in this domain. Young children with severe brain injury who are capable of interaction with the environment may obtain VABS-II socialization scores that reflect smaller declines from baseline compared with changes in other domains of functioning or compared with declines in older children in whom more complex socialization skills can be measured. Longer, prospective studies would be necessary to adequately assess the impact of OH-CA on socialization skills.
Higher baseline VABS-II scores were associated with greater decline. We speculate that new deficits were more readily discerned in children who were functioning the best before OH-CA. No family or CA characteristics influenced decline in functioning. Contrary to studies of outcome after other types of 7 [24] [25] [26] [27] and stronger family functioning 25, 28 were not protective; however, neurobehavioral impairments were less severe. In our study population, family factors likely did not modify outcome due to the severity of neurobehavioral morbidity.
Performance on a composite measure of cognitive functioning for all survivors enrolled in the THAPCA-OH trial was previously reported. 9 In this analysis focusing only on survivors who displayed broadly normal baseline functioning, 36% had cognitive composite scores within 2 SDs of normal means, whereas 47% were either not eligible for WASI testing or obtained lowest possible Mullen scores. A recent study examining cognitive outcome after pediatric CA found much better outcomes with a group mean IQ score of 87, and only 6% too low functioning for testing. 3 This study also found visual to be more impaired than verbal reasoning; in contrast, in our study, more children ≥6 years performed in the average range on the visual than the verbal reasoning WASI subtest. Several key differences preclude direct comparison between these studies. van Zellem et al 3 included both OH-CA and in-hospital CA cases, time of follow-up was much longer (median 5.6 years), and only a subset of children were comatose after resuscitation.
Our results need to be considered in the context of several limitations. Accuracy of baseline functioning may have been limited, because families were asked to complete the VABS-II questionnaire during a time of crisis within 24 hours of their child's OH-CA. It was particularly challenging to accurately assess baseline functioning in young infants. Data collection in the THAPCA-OH protocol did not include some sources of variation in patient characteristics and treatment that could influence outcome (eg, neuroimaging abnormalities, seizure burden, duration of coma, medical comorbidities, medications, rehabilitation services received). Moreover, given the limited number of older children eligible for testing, we could not examine functioning in specific neuropsychological domains (eg, executive functions, memory).
CONCLUSIONS
In this population of children who incurred OH-CA and were comatose after resuscitation, there was substantial neurobehavioral morbidity 1 year later. Older age was associated with worse outcomes, whereas CA and family variables were not. 
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